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ABSTRACT 


The aim of this study was to detect the presence of delta-9-tetrahydrocannabinol 
(THC) in cannabis seizures in Egypt using the new mass analysis tool “direct 
analysis in real time” (DART+). The dried flowering tops and leaves (marijuana), 
the cannabis resin (hashish) or the dried stalks were subjected to analysis using 
direct analysis in real time (DART+). Results indicated that the use of DART+ for 
leaves, resin and even dried stalks without extraction displayed a single peak for 
THC. It is concluded that THC was the major compound identified. The use of 
the new mass analysis tool DART+ proved to be a simple and rapid technique for 
detecting the presence of THC in seized samples. 
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1. INTRODUCTION 


Cannabis sativa L. (family Cannabidaceae) remains the most common illicit drug 
world-wide; with an estimated 192 million people having using the substance at 
least once in the year 2018 and this number is on the rise. Cannabis is cultivated 
in 151 countries in the period 2010-2018 and globally, 4.303 and 1.307 tons of 
cannabis herb and resin, respectively, were seized in 2018 (World Drug Report, 
2020). Cannabis is mainly abused for its mood-altering effects, producing mild 
euphoria and relaxation. There are also intensification of sensory experiences and 
distorted perception of time (Huestis, 2002). The use of cannabis is common to all 
age groups, but adolescents, being in a critical period for brain maturation are the 
most susceptible to its effects with a resultant change in emotional behavior and 
an increase in the likelihood for seeking and trying other addictive substances 
(Dahl, 2004; Abdel-Salam, 2019). 

Cannabis in the form of the flowering tops and leaves (marijuana) or the 
compressed resin (hashish) contains delta-9-tetrahydrocannabinol (THC) as the 


principal pharmacological ingredient which is responsible for the psychoactive 
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properties of the plant (Mechoulam and Gaoni, 1967). Cannabis also contains 120 other cannabinoids including cannabidiol, 
cannabinol, tetrahydrocannabivarin, cannabigerol, cannabidivarin and cannabichromene. These are present however, in much 
lower concentrations than the main cannabinoid THC (El-Shohly, 2002). 

Despite changes in recreational cannabis regulation in the past years, with legalization of the non-medical use of cannabis in a 
number of US states and other countries, the possession and/or use of cannabis is still prohibited in many countries all over the 
world including Egypt (Abdel-Salam et al., 2017; World Drug Report, 2018). Hence, the detection of the major psychoactive 
constituent THC in seized samples of cannabis is an important step in forensic laboratories for its identification and therefore 
criminalization. 

The analytical techniques in use for the detection of THC and its metabolites in seized samples include high performance liquid 
chromatography (HPLC), liquid chromatography (LC) coupled with mass spectrometry (MS) and gas chromatography/mass 
spectrometry (GC/MS). The latter equipment is the most commonly used one in drug analysis (Stolker et al., 2004; Gambaro et al., 
2002; Ilias et al., 2005). These techniques, however, are time consuming and require extraction/derivatization of the sample. 

The direct analysis in real time (DART) coupled with time-of-flight mass spectrometry provides the molecular information for 
different compounds in samples. The technique has been reported to be a simple and an efficient method for “ambient ionization” 
for the screening of the targeted compounds in the sample (Kawamura et al., 2011; Chernetsova et al., 2011). The technique has been 
used for the rapid detection of synthetic cannabinoid analogues in herbal samples (Musah et al., 2012) and designer drugs (Brown 
et al., 2016). The aim of this study was to detect the presence of THC in seized samples of cannabis in Egypt using the new analysis 
tool direct analysis in real time mass spectrometry (DART+). 


2. MATERIAL AND METHODS 


Cannabis seizures 

Cannabis seizures were officially obtained from the Ministry of Justice, Egypt. The seizures were marijuana i.e., the flowering tops 
and leaves of the plant Cannabis sativa L. and hashish which is the compressed resin. The seizures were subjected to morphological 
examination with the use of light microscopy and preliminary color test. Macroscopically, Marijuana samples were dark green loose 
crushed leaves and flowering tops with some seeds present. Hashish samples were dark brown compressed cubes of various sizes. 
The two types had characteristic fragrance. 


Analysis of cannabis constituents 

Direct analysis in real time (DART+) 

The JEOL DART+ Accu TOF mass spectrometer (JMS-T100LC; Jeol, Japan) was used. The needle voltage was set to 3500 V, heating 
element to 300 °C and he gas flow to 4 L/min. For the mass spectrometer, the ion source temperature was set to 300 °C, with helium 
as the ionizing gas. The TOF-MS was set with a peak voltage of 1500 V, a reflection voltage of 900 V and a pusher bias voltage of - 
0.52 V and a detector voltage of 2500 V. Each sample was slowly moved into the ion stream about halfway between the ion source 
and the analyzer orifice, while looking for the response in the real time chronogram. The sample to be analysed was rapped in clean 
tissue paper and put between the ion source under vacuum and the gas gun. A clean tissue paper was run then the plant material 
was rapped in this tissue paper and another run was done. The last run was then subtracted from the clean tissue paper run. The 
dried stalks of the Cannabis sativa were applied directly between the ion source under vacuum and the gas gun. 

The obtained spectra were background corrected. Molecular formulae were identified using elemental composition and isotope 
matching programs in the Jeol Mass Center Main Suite software (JEOL USA, Peabody, MA). The suggested molecular formulae 
were assigned with a confidence level greater than 90%. Identification of the resultant molecular weights to chemical compounds 
was performed by using the library NIST 14 using Mass mountaineer. 


3; RESULIS 


Direct analysis in real time (DART+) 

The mass analysis tool DART+ was used for analyzing leaves and resin without extraction. The leaves displayed a high peak for 
THC at 315.23 (abundance 100) and a minor peak for HU-336 at 329.21. Some minor cannabinoids; cannabinol at 311.19 (abundance 
34.18), cannabidiol at 315.23 (abundance 100) were identified by the DART library NIST14. Surprisingly, synthetic cannabinoids 
were also detected; HU-345 at 325.18 (abundance 5.47), JWH-175 at 328.20 (abundance 6.84) (Figure 1). Figure 2 shows a high peak 
for THC at 315.23 (abundance 100) and a minor peak for HU-336 at 329.21 (abundance 9.411). Other cannabinoids identified by the 
library were cannabidiol at 315.23 (abundance 100) and HU-331 at 329.21(abundance 9.411). 
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Figure 2 DART+ chart showing the presence of the presence of THC peak at M+ 315.231 ([M+H]*) in Cannabis sativa leaves 


On the other hand, the resin sample showed a high peak for THC at 315.23 (abundance 100) and a minor peak for cannabinol at 
311.2 (abundance 12.356). Other cannabinoids detected by the library were cannabidiol at 315.232 (abundance 100), HU-336 and 
HU-331 at 329.21 (abundance 11.578 and 11.578, respectively) (Figure 3). Figure 4 shows a high peak for THC at 315.23 (abundance 
100) and a small peak for cannabinol at 311.2 (abundance 21.292) and HU-336 at 329.21 (abundance 8.195). Other cannabinoids 
identified by the library were cannabidiol at 315.23 (abundance 100) and HU-331 at 329.21(abundance 8.195). Moreover, DART 


analysis of the dried stalks of Cannabis sativa plant showed the unique peak of THC at M+ 315.16 (Figure 5). DART analysis of a 
sample of caffeine showed the peak of caffeine at M+ 195.08 (abundance 39.034) (Figure 6). 
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Figure 3 DART+ chart showing the presence of THC peak at M+ 315.233 ([M+H]*) in Cannabis sativa resin 
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Figure 4 DART+ spectra [M+H]* showing the presence of THC peak at M+ 315.233 in Cannabis sativa resin 
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Figure 5 DART+ mass spectra [M+H]* showing the unique peak of THC at M+ 315.16 in dried stalks of Cannabis sativa 
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Figure 6 DART+ mass spectra [M+H]* showing the peak of caffeine at M+ 195.08 in a sample of caffeine 


4. DISCUSSION 


In the present study, the new mass analysis tool “direct analysis in real time” (DART) equipped with NIST-14 library was used for 
the first time in the detection of THC in seized marijuana and hashish (resin) samples in Egypt. Our results showed that DART 
displayed a single high peak for THC in cannabis leaves and resin as well as the dried stalks of the cannabis plant. The cannabis 
products marijuana and hashish are by far the most abused drugs globally. The Cannabis sativa plant chemistry is complex with 
more than 483 compounds including the C21 terpenophenolic compounds known as cannabinoids which are unique to the plant 
(El-Sohly et al., 2017). Delta-9-tetrahydrocannabinol (THC) is the most abundant cannabinoid in Cannabis sativa plant and is found 
in the plant’s flowering, leaves, stalks, roots and resin (Ashton, 2001). It is also the major psychoactive constituent responsible for 
the mood altering and other effects of cannabis on the central nervous system perceived when smoking herbal cannabis or hashish 
(Huestis, 2002). The potency of a cannabis product is described by its THC concentration and has been increasing steadily over the 
past years through selective cultivation from 3% to 12-16% or even higher (Potter et al., 2008; Swift et al., 2013; Souleman et al., 
2017). 

Cannabinoids are produced in the plant in the form of their carboxylic acids which upon exposed to heat, light or after 
prolonged storage are decarboxylated to their corresponding neutral cannabinoids. Therefore, in the fresh plant, THC is present in 
its acidic form tetrahydrocannabinolic acid (THCA) and is converted by heat e.g., smoking the plant material to its psychoactive 
form THC (Brenneisen, 2006). Consequently, several analytical methods have been developed that aim mainly to detect the 
presence of THC in seized samples of cannabis (Hazekamp et al., 2016; Pacifici et al., 2017; Gaafar et al., 2018). In the present study, 
the DART+ spectra [M+H]+ show high THC peak at M+ 315.233 in both the leaves and resin of cannabis. The results indicated that 
the protonated THC [M+H+] was the most prominent peak in the DART mass spectra. 

Cannabidiol is another common cannabinoid which is a non-psychoactive and that gained wide interest because of its 
pharmacological properties such as neuroprotection (Iuvone et al., 2009). The presence of cannabidiol in the samples was detected 
by the DART library NIST14. Other minor cannabinoids are cannabichromene, cannabigerol and cannabidivarin which are non- 
psychoactive were not detected. Cannabinol, which is approximately 10% as psychoactive as THC (Huestis, 2002) is essentially an 
oxidative degradation product of THC and its relative abundance increases as samples age (Thomas and El-Sohly, 2015). In the 
present study, DART+ spectra [M+H]+ showed the presence of small peak for cannabinol at M+ 311.2 in Cannabis sativa resin. 

Interestingly, DART+ analysis with NIST14 library allowed the detection of the synthetic cannabinoids such as HU-336 and HU- 
331 at M+ 329.21 and JWH-175 at M+ 328.20. HU-331, HU-336, HU-345 are cannabinoic quinines. The cannabidiol hydroxyquinone, 
also known as HU-331, is an oxidation product of cannabidiol (Peters and Kogan, 2007), the major non-psychotropic cannabinoid in 
the Cannabis sativa plant. HU-331 has been suggested as a short-lived human oxidative metabolite of cannabidiol (Ujvary and 
Hanu&, 2016). Very small peaks for HU-336 were observed in the DART+ spectra which could possibly represent an oxidation 
produced for cannabidiol in the plant. Contrarily, JWH-175 (3-(1-Naphthalenylmethyl)-1-pentyl-1H-indole) is a synthetic 
cannabinoid which is illegally marketed for its psychoactive cannabis-like effects (Roque-Bravo et al., 2023). JWH-175 was not 
observed in the DART spectra but identified by the NIST14 library in minute amount. 

The THC content varies between the different parts of the cannabis plant being most abundant in the flowers (10-12%), leaves 
(1-2%) and least in the stalks (0.1-0.3%) and roots (< 0.03%) (United Nations, 2009). Our DART analysis of the dried stalks of 
cannabis plant showed the presence of peak of THC at M+ 315.16. This result indicated the ability of DART+ to detect minute 
concentrations of THC in the suspected samples. 
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5. CONCLUSION 


The DART+ analysis presented here allows the rapid and accurate detection of THC, the major psychoactive constituent in herbal 
cannabis from the different parts of the plant; leaves and dried stalks and the resin. The technique is easy to use and showed high 
sensitivity, being able to detect the presence of small amounts of TCH in the dried stalks of the Cannabis sativa plant. DART+ can be 
used for the routine analysis of suspected samples. 
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